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(54) SEMICONDUCTOR LIGHT EMITTING ELEMENT OF GALLIUM NITRIDE COMPOUND 

(57)Abstract: 

PURPOSE: To increase the light emitting output power of a 
blue light emitting element by emitting the light from the 
vicinity of the periphery of a p-type electrode stronger than 
the other part. 

CONSTITUTION: At least an n-type gallium-nitride-based 
compound semiconductor layer and a p-type gallium-nitride- 
based compound semiconductor layer, wherein P p-type 
dopand is doped and the resistivity is made to be I.OOOQ.cm 
or less, are provided on a substrate. An n-type electrode 6 and 
a p-type electrode 5, which undergo annealing and are 
electrically connected, are formed on the n-type gallium- 
nitride-based compound semiconductor layer and the p-type 
gallium-nitride-based compound semiconductor layer, wherein 
p-type dopant is doped. A current is conducted through the n- 
type electrode 6 and the p-type electrode 5, and the vicinity 
of the periphery of the p-type electrode emits the light 
stronger than the other part. Thus, the light emitting output 
power of the blue light emitting element can be increased. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] On a substrate, it has at least n mold gallium nitride system compound semiconductor layer and p 
mold gallium nitride system compound semiconductor layer which doped p mold dopant and adjusted resistivity 
at 1000 or less ohm-cm. In said n mold gallium nitride system compound semiconductor layer and p mold 
gallium nitride system compound semiconductor layer which doped said p mold dopant By forming n mold 
electrode and p mold electrode which carried out annealing processing and were connected electrically, 
respectively, and energizing to n mold electrode and p mold electrode The gallium nitride system compound 
semiconductor light emitting device characterized by constituting so that light may be made to emit near the 
periphery of said p mold electrode more strongly than other parts. 



[Translation done.] 
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* NOTICES * 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] ' 
[0001] 

[Industrial Application] This invention relates mainly to the gallium nitride system compound semiconductor 
light emitting device used for luminescence devices, such as a blue light emitting diode and blue luminescence 
laser diode. 
[0002] 

[Description of the Prior Art] Gallium nitride system compound semiconductors, such as gallium nitride (GaN), 
an indium nitride gallium (InGaN), gallium nitride aluminum (GaAIN), and an indium nitride aluminum gallium 
(InAIGaN). attract attention as a practical semiconductor material used for blue light emitting diode, blue laser 
diode, etc. 

[0003] For example, the thing of MIS (Metahlnsulater-Semiconductor) structure is known well, and the blue 
light emitting device using GaN explains this structure using the sectional view of drawing 1 . and the top view 
of drawing 2 . This has the structure which consists of the buffer layer 2 which consists of AIN fundamentally 
on the silicon on sapphire 1 which is a translucency substrate, an n mold GaN layer 3, and a GaN layer 4 which 
doped p mold dopant, the semi-conductor of low resistance [ the GaN layer 4 which doped p mold dopant ] — 
not but — in practice — resistivity — 106 or more ohm-cm — high — it is a half-insulator [ **** ] (j 
[0004] Furthermore, n mold electrode 6 (on these specifications, all the electrodes formed in n mold gallium 
nitride system compound semiconductor are called n mold electrode.) which consists of aluminum and In is 
formed in the n mold GaN layer 3. On the other hand, p mold electrode 5 (similarly on these specifications, all 
the electrodes formed in the gallium nitride system compound semiconductor with which p mold dopant was 
doped are called p mold electrode.) which consists of Au and In is formed also in the i mold GaN layer 4 which 
doped p mold dopant. The layer which connects p mold electrode is the GaN layer 4 of i mold instead of p 
moid correctly. However, since this i mold GaN layer 4 is the GaN layer 4 which doped p mold dopant, it calls 
the electrode connected here p mold electrode. 

[0005] As shown in the top view of drawing 2 , by forming p mold electrode 5 all over the i mold GaN layer 4, 
the blue light emitting device of this structure extends electric field to homogeneity, makes the p mold GaN 
layer 4 emit light completely, and is made into the structure which takes out light from silicon-on-sapphire 
side 1. 
[0006] 

[Problem(s) to be Solved by the Invention] The light emitting diode of this structure makes the i mold GaN 
layer 4 a luminous layer, and forms p mold electrode 5 in this luminous layer. However, the light emitting diode 
of this structure has high forward voltage, and, moreover, has a fault with a low radiant power output. The 
thing with high forward voltage is because the i mold GaN layer 4 is an insulator mostly, such — high — the 
light emitting device which has i mold gallium nitride system compound semiconductor [ **** ] has high 
forward voltage, and a radiant power output is very bad. 

[0007] Therefore, this invention is developed for the purpose of solving the difficult problem of increasing the 

radiant power output of the conventional blue light emitting device. 

[0008] 

[Means for Solving the Problem] According to a unique luminescence condition whose imagination is also 
impossible, this invention person found out that the above-mentioned problem was solvable with the 
conventional technique. That is, the gallium nitride system compound semiconductor light emitting device of 
this invention is equipped with the following configuration. At least it on a substrate n mold gallium nitride 
system compound semiconductor layer. It has p mold gallium nitride system compound semiconductor layer 
which p mold dopant doped and made resistivity 1000 or less ohm-cm. In said n mold gallium nitride system 
compound semiconductor layer and p mold gallium nitride system compound semiconductor layer by which said 
p mold dopant was doped It is characterized by constituting so that light may be made to emit near the 
periphery of p mold electrode more strongly than other parts by forming n mold electrode which carried out 
annealing processing and which was connected electrically, and p mold electrode, and energizing to n mold 
electrode and p mold electrode. 

[0009] Hereafter, the light emitting device of this invention is explained with reference to drawing 3 . This light 
emitting device is the purpose which carries out ohmic contact to p mold GaN layer 4A which doped p mold 
dopant, and has connected p mold electrode 5 which carried out annealing. In the periphery section, as for p 
mold electrode 6 which carried out annealing and was electrically connected to p mold GaN layer 4A, contact 
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resistance with the p mold GaN layer 4 is small. When carrying out annealing of it, it is because the hydrogen 
contained in p mold GaN layer 4A is removed and resistance of p mold GaN layer 4A decreases. When it 
energizes to p mold electrode? 6 connected to p mold GaN layer 4A in this condition, a current concentrates 
on the pertphery section of p mold electrode 5, it flows, and light is made to emit near the periphery of p mold 
electrode 5 strongly rather than other parts. That is, the gallium nitride system compound semiconductor light 
emitting device of this invention increases a synthetic radiant power output remarkably by making the i type 
layer GaN layer 4 of drawing 1 emit light strongly locally conversely with the conventional accepted theory of 
making homogeneity emitting light, near the periphery oT small p mold electrode 5 of p mold GaN layer 4A and 
contact resistance. As mentioned above, although the gay junction LED of drawing 3 was explained, for 
example, light can be made to emit strongly near the periphery of p mold electrode similarly to double in the 
terrorism structure LED. 

[0010] The alloy of Au. aluminum. In, nickel, Pt, Cr, Ti. or these metals can be used for p mold electrode 5 and 
n mold electrode 6. As it can form in configurations of arbitration, such as the shape of a dot, a stripe, and a 
go board grid, and is shown in drawinjgj , after carrying out mutually-independent and forming p mold 
electrode 5. in order to connect these electrodes electrically, the overcoat of the configuration of p mold 
electrode 5 can also be carried out with the conductive ingredient 8 
[0011] 

[Function] As a current concentrates near the periphery of p mold electrode 5 on p mold GaN layer 4A and 
the gallium nitride system compound semiconductor light emitting device of this invention flows, it can enlarge 
the radiant power output of this part. For example, as shown in dr awing 3 , the light emitting device which 
formed p mold electrode 5 can adjust how depending on which a current flows by changing the electric 
resistance of p mold GaN layer 4A near the electrode 5 periphery, and p mold GaN layer 4A in which an 
electrode is not formed. That is. if the electric resistance of p mold GaN layer 4A near the p mold electrode 5 
is enlarged and the electric resistance of p mold GaN layer 4A in which p mold electrode 5 is not formed is 
made small, a current will concentrate on the periphery of p mold electrode 5, and it will come to flow. The 
direction of it of the periphery of p mold electrode 5 is [ contact resistance ] because it is small, so a current 
is concentrated on the periphery of p mold electrode 5 and it comes to flow 
[0012] 

[Example] Hereafter, the example of this invention is explained based on a drawing. However, the example 
shown below does not illustrate the light emitting device for materializing the technical thought of this 
invention, and the light emitting device of this invention specifies neither the chemical composition of a 
component part, the whole structure nor arrangement as the following. The light emitting device of this 
invention can do modification ****** j n the range included in the summary of a claim. 

[0013] The gallium nitride system compound semiconductor light emitting device shown in drawing 3 uses an 
MOCVD system for C side of the silicon on sapphire 1 which is a translucency substrate, and is growing up the 
GaN buffer layer 2 by 200A thickness. The n mold GaN layer 3 which doped Si on the GaN buffer layer 2 is 
grown up by 4-micrometer thickness. Furthermore, on the n mold GaN layer, p mold GaN layer 4A which 
doped Mg was prepared, p mold electrode 5 is formed on p mold GaN layer 4A, and n mold electrode 6 is 
formed on the n mold GaN layer. 

[0014] The light emitting device shown in drawing 3 has formed p mold electrode 5 and n mold electrode 6. 
respectively p mold GaN layer 4A and on the n mold GaN layer 3. Electrodes 5 and 6 are formed as follows. 
** Create a pattern predetermined by the photoresist on p mold GaN layer 4A. 
** Etch until the n mold GaN layer 3 exposes a part of p mold GaN layer 4A. 

** Exfoliate the resist after etching termination and create the pattern of electrodes 5 and 6 by the 
photoresist again. 

** Vapor-deposit aluminum in the n mold GaN layer 3. vapor-deposit nickel to p mold GaN layer 4A, and 
consider as n mold electrode 6 and p mold electrode 5, respectively. In addition, p mold electrode is used as a 
stripe with a width of face of 30 micrometers, and also prepares 15 stripe spacing in one chip as 10 
micrometers. Annealing of the wafer is carried out at 700 degrees C after two-electrodes formation. 
** In order to connect electrically p mold electrode 5 of the shape of a stripe prepared in p mold GaN layer 
4A, as shown in drawing 4 , vapor-deposit the conductive ingredients 8, such as Au and In, on p mold 
electrode 5. 

[0015] The light emitting device shown in drawing 3 changes the electric resistance of p mold GaN layer 4A 
which had p mold electrode 5 formed, and p moid GaN layer 4A which is not formed by annealing, and adjusts 
it. Consequently, the electric resistance of p mold GaN layer 4A of the lower part in which p mold electrode 5 
was formed is enlarged as compared with p mold GaN layer 4A which is not formed. Since resistance is strong, 
as for the p mold GaN layer of the lower part in which, as for the light emitting device of this structure, p mold 
electrode 5 was formed, a current cannot flow easily, and since resistance of p mold GaN layer 4A of the 
periphery lower part of p mold electrode 5 is small, a current tends to flow. Therefore, it can concentrate on 
the periphery section of p mold electrode 5, a current can flow, and the radiant power output of this part can 
be enlarged. 

[0016] Although the approach of the light emitting device of this invention enlarging resistance of p mold GaN 
layer 4A of the lower part in.which p mold electrode 5 was formed, and making small resistance of p mold GaN 
layer 4A which is not formed does not specify, after forming p mold electrode 5 in p mold GaN layer 4A. this 
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condition is realizable by removing the- hydrogen contained in the p mold GaN layer in which p mold electrode 5 
is not formed. The electric resistance of p mold GaN layer 4A is high by the hydrogen contained in p mold GaN 
layer 4A. Hydrogen is contained in a GaN layer when growing up a GaN layer. When growing up a GaN layer, it 
is very difficult to remove hydrogen completely. It is for using the compound gas which contains hydrogen and 
nitrogen, such as ammonia, as a nitrogen source at the time of GaN layer growth, this ammonia decomposing 
at the time of growth, and atomic hydrogen being made, combining with p mold dopant (for example, Mg, Zn) by 
which this hydrogen atom is surely doped as an acceptor, and inactivating p mold dopant. Therefore, if atomic 
hydrogen enters into a p mold GaN layer, hydrogen will Inactivate an acceptor dopant and will form the p mold 
GaN into high resistance. 

[0017] The hydrogen in p mold GaN layer 4A is removable by carrying out annealing above 400 degrees C. 
That is, in a GaN layer, from p mold dopant (M) combined in the state of M-H, and hydrogen (H). when only 
hydrogen goes away, an acceptor dopant is activated and an electron hole is made. Generating of an electron 
hole reduces further resistance of p mold GaN layer 4A. It is in the condition which formed p mold electrode 5 
in p mold GaN layer 4A. for example, if annealing is performed at 700 degrees C, hydrogen cannot come out 
out of a crystal, but will become having remained with as in the bottom of p mold electrode 5 from the part 
just under p mold electrode 5. Therefore, resistance of the part large and non-formed [ resistance of p mold 
GaN layer 4A in which p mold electrode 5 was formed ] can be made small by forming and carrying out 
annealing of the p mold electrode 5. That is, distribution of the electric resistance of p mold GaN layer 4A can 
be adjusted. When performing annealing, it is desirable to carry out in the ambient atmosphere which does not 
contain hydrogen, and when it carries out in the ambient atmosphere containing hydrogen, such as ammonia 
and a hydrazine, there is a possibility that re-occlusion may be carried out to a p mold GaN layer. 
[0018] If the light emitting device obtained as mentioned above is energized, many currents will flow in the 
periphery part of p mold electrode 5 shown by the arrow head A of drawing 3 . It has strong resistance of p 
mold GaN layer 4A of the lower part in which p mold electrode 5 was formed, and is because resistance of the 
part which is not formed is small. Therefore, it concentrates on the periphery section of p mold electrode 5 
shown by the arrow head A, a current flows, and this part emits light by the high radiant power output. 
[0019] Finally the wafer was cut in the shape of [ of 1x0.8mm angle ] a chip, when it includes in light emitting 
diode and it was made to emit light, in 20mA of forward current, forward voltage 5V showed 430nm 
luminescence, and the radiant power output was 10 microwatts. 

[0020] Drawing 5 shows the light emitting device of p mold gallium nitride system compound semiconductor of 
different structure. This light emitting device is also growing up the GaN buffer layer into C side of silicon on 
sapphire 1 by 200A thickness using an MOCVD system. The n mold GaN layer 3 which doped Si on the GaN 
buffer layer 2 is grown up by 4-micrometer thickness. Furthermore on the n mold GaN layer 3, the InGaN layer 
9 of p mold or n mold is grown up by 100A thickness, p mold GaN layer 4A which doped Mg is prepared on this 
InGaN layer 9, and n mold electrode 6 and p mold electrode 5 are formed on the n mold GaN layer 3 and p 
mold GaN layer 4A. 

[0021] Also in the light emitting device of this structure, resistance of p mold GaN layer 4A of a part in which 
p mold electrode 5 was formed is made larger than the part which is not formed. If the light emitting device of 
this structure is energized to p mold electrode 5 and n mold electrode 6, the InGaN layer 9 emits light and it 
can observe strong luminescence of the InGaN layer 9 near the p mold electrode periphery from a silicon-on- 
sapphire side. When this light emitting device was similarly used as light emitting diode, in the forward voltage 
of 20mA, forward voltage 5V showed 420nm luminescence, and the radiant power output was 300 microwatts. 
[0022] On p mold GaN layer 4A, the light emitting device shown in drawing 3 and drawing 5 provides stripe-like 
p mold electrode 5, as shown in drawing 6 . p mo ld electrode 5 can also be formed as shown in drawing 7 
thru/or drawing 9 . p mold electrode 5 with which p mold electrode 5 shown in drawing 7 shows p mold 
electrode 5 shown in drawing 8 in the shape of a go board grid to punctiform at drawing 9 is formed in the line 
of a concentric circle. That is, the more it does not ask and the die length of the periphery excels, 
luminescence area can become large and, the more especially the configuration of p mold electrode 5 can 
increase luminous efficiency. 
[0023] 

[Effect of the Invention] The gallium nitride system compound semiconductor light emitting device of this 
invention can make elegance conventionally the radiant power output which stands high by making light emit 
near the periphery of p mold electrode formed in p mold gallium nitride system compound semiconductor layer 
with an output higher than other parts. The radiant power output was set to 10 microwatts in forward voltage 
4V and 20mA of forward current by the light emitting diode which used the light emitting device shown in 
drawing 3 which incidentally starts the example of this invention. In these conditions, the radiant power output 
of light emitting diode which used the light emitting device of terrorism structure to the double concerning the 
example of this invention furthermore shown in drawing 5 improved by leaps and bounds with 300 microwatts. 
When a radiant power output does not have the light emitting diode which used the light emitting device of the 
conventional metal-insulator-semiconductor structure shown in drawing 1 at 1 microwatt and 20mA of forward 
current was passed, the thermal runaway was carried out and it stopped in addition, emitting light in forward 
voltage 15V and 10mA of forward current. This is because the resistivity of an i mold GaN layer is very as high 
as 106 or more ohm-cm, so the Joule's heat will increase rapidly and the temperature of a light emitting 
device will become high, if a current is made to increase. 
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[0024] As explained above, since the light emitting device of this invention makes the periphery section of p 
mold electrode emit light strongly, it ca# carry out the low resistance part of p type layer to if many, preparing 
thin linear p mold electrode for a long time for example, or punctiform p mold electrodes are prepared, be alike 
for a longtime, and can increase a radiant power output. Moreover, since light is made to emit near the 
periphery of p mold electrode, it is also possible by being able to concentrate light on a part as a punctiform p 
mold electrode, and considering as linear p mold electrode to concentrate a part for a light-emitting part on a 
line. 

[Translation done.] ~~ ~^ 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran,web_cgi_eije 



06/11/10 



JP.06-237012.A [DESCRIPTION OF DRAWINGS*] 



1/1 ^-v 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So.the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[DrawiQSj.] The sectional view showing an example of the conventional light emitting device. 

[Drawing 2] The top view of the light emitting device shown in drawing 1 . 

[Drawing 3] The sectional view of a light emitting device showing one example of this invention. 

[Brawing^4] The sectional view showing the condition of having carried out the overcoat of the conductive 

ingredient on p mold electrode shown in drawing 3 . 

[Drawing 5] The sectional view of the light emitting device concerning other examples of this invention. 
[Drawing §] j ne top view showing other examples of the configuration of p mold electrode. 
[Drawing 7] The top view showing other examples of the configuration of p mold electrode. 
[Drawing 8] The top view showing other examples of the configuration of p mold electrode. 
[Drawmg..9j The top view showing other examples of the configuration of p mold electrode. 
[Description of Notations] 

1 Silicon on sapphire 2 Buffer layer 

3 n mold GaN layer 4 i mold GaN layer 

Four A....p mold GaN layer 

5 p mold electrode 6 n mold electrode 

8 Conductive ingredient 9 InGaN layer 



[Translation done.] 
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4 A©l«8tt*/hs < T£ t , pSMffi 5 ©TOcm 

mvfimM&Vitf'bZ ir ttttti: p s«s 5 © 20 

[00 12] 

■T4. fit, WTfc^-rHfi£Mti*^W©SffilS^l 

[ 0 0 1 3 ] m 3 IC *f gffctf D 7 ASfc^»i|M?ft58 30 

flsfcFtt. l7ttt«tgr'fes-9-77f7atgi<DCffi 

fc, M0CVD8f$I^T, GaN/W7rJB2*Z 
0 0*>yxhD-AO||Jp-ej«fiS«TV^. GaN 
/<777|2CltS i £F-7Xfcn3lG aNJl3£ 
4 /tm©lJfT^cS?iiT^So ^fclnS/G a NH© 
±t, Mg*F-7*L;fcpSGaNJi4A*Rl:K pH 
G a N14 A©±tttpS«ffi5%nS!G a N»0D±t 
ttniB«S6*R»m^S. 

[00 1 4] HSfciRfSBiafftt, p§!CaNjl4A 
n§|GaN/l3CD±li:fn ; rnpSHi5i:, nl 40 

(D pi»CaN«4 A©±te7OUyXhTjJB£0/< 
© pSGaNl4 A©-gP^nSG aNS3^StUt 

© i?f> y»7ft U->*X h £Wf8 U * h 1/ 
i>XhT'*i5, 60/<*-V*ffjata 0 
® n!C aN13fCliA l*«tU pSCaN!4 
AtttN i *a»LT» ^n^hnSWffiS. pSWffi 50 
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4 

5tT3„ ftfep®«Sttfi3 0<tmfl!)Xhv'f7 , i: 
U Xh^TTiRIk 1 0 fimkLT 1 ?v7lc 1 5* 
fittS. pg*ffi&$& 7 0 0 o CT7X/n-^7^-'J 

<5> pffiGaN^AfcRttfcXh^TttOpSMtt 

5^«M^tg^-rsfc46t, But^t-j^t, pi 

*«50±fcAu, I n|OWttTO8^11t5. 
[0 0 1 5] m3lc^t^m=Flt. pWffi5Z&l8. 
ZtltcpMG a NJf 4 At- Jft**nftH pSG a NIB 
4 A £ <7)H^g£v£7-- 'J >yt <fc t) gffc^tfTilg 
C©IS«x pS«ffi5*Jgj«LfcT»OpSGa 
N®4 A4Mt«ftJi% % »J*Sn*^pSG a NS4 A 

§ytt@5*%/S£ftfcTg|5<Dp§!!C a NSttgJntf** 

^©T-s^ssti»c<<, ps«ffi5©^Ta5©ps 

G a N/14 A<Dgfifi/h2l,vDT\ WStftWl^-ft^ 
LfctfoT pS«S5©JiJia5tfi*LT*SIWSKtl, 

[oo 1 6] *«w©38jtis?ii, pmnmsmi&L 

fcT»©pi!GaNl4A©fiSt**t<U J£l£L& 
l^pSG a Nfl4 A©fttfi*/hS < tS*tt*i*«tft 
pSGaNS4AtpS«ffi5*«*Lfcft. p 
I^5ff^j8Sftft^pgGaNS+fc£Sft3*j|S 
*K*-rsci:-pc<o*aB*|gKT?tSo pSGaNH 
4 A<DflSUgJa(i, pSG aNH4 A4>tc££nS7jCj!S 
tJ;oTS<SoTf So G a NS^fiS-frS^c, 
G a NJitefclitfaSft*. G a NH^jjScfi^^S^fc 
7l<m*7Z£im<Ctl,misbTML^\ ^nfiGaNl 

■b7**-i:LTF-7*?nT^api!F-^Vh (WS. 
tf» Mg» Zn) klS^LT, pS!F-7^h*^Stt 
fcl/TL$?fci6lf**o Ufc^oTl?^;K^p§y 
GaNS^fcASt, **«7{'4r7'*-K-^vh* 
**S14ftLT, plGaN^iSgmftbTLS^o 
[0 0 17] pSGaNH4A*©*jRtt, W^Uf4 0 
0°CW±T-7--'J vytSC fc»Cfc»>|$£T?£.6. O 
G a N/f 4"T\ M-HO«ffi-^^LT^SpS 
F-/4>h (M) t;K^ (H) frfc, *SR©**<fflTlr^ 
< C fcti 0 7 ^-b7°^- F-/ry htfiSttffcLEflff 
T'tSo iE?L©»4ttpSCaNJl4AOafit*?6t 
fgTJ-yrSo pSGaNl4At P a«ai5*JBi«Lft 
«ffiT\ 7 0Q°CT'7--yy>f%fir>t. p 

mm® 5 <d«toskm»»5 «;j<ii*^ B B B **^dis c t 

oT. pS«tt5«»jSLT7x-yyy-raci:tj: 
oT, pS«ffi5*^2n7cpSGaNS4 A©gfri 

SO. pSGaN/i4AO*«««t<D»«4IBH-*C 



(4) 

5 

^©^fg^^HS^T'fi^i:. pSGaNltS * 
[0 0 18] ^©^icLTfibftfc^ftllim 1 

mmtfZ<mz.o *ntt, piWis^jMLft-ra 

COO 1 9] IICJia-? l xo. 8mmi^7 

4fc*WlWiat2 0mAfe:^»T, H£fi«E 5 V T* 4 
3 0nm©8}1fi**U RftfflAtt 1 0|iW?fcofc. 
[0 0 2 0] HSttgftSmOpSSfctf'J^AJMt 
^¥#tt©58J!0£F**LTlii3. COSSitSS^t, 
MOCVD«H*fflt^T. ^7 7 lOCffitG 
a N ; "C -y 7 r «* 2 0 0 * > Jf X h D -A©KffT*$fi 
?^T^5o G aN/W77®2©±k:, S i * K-7 20 
Lftn£GaNJf3£4/im©KJpT*>dcSi*-ti\ ??>{;: 
nUG aN13<D±t, pS)£ ftfi ng!© I n G a Nl 
9£l Q0tyf7,YU~L<OWkWX'im^ CO I 
nGaNl9©±fcMg*F-7*LfcpS!GaN«4 A 
nSCaNH3i:pS!GaNH4AO±fcnS! 

[00 2 1] COWfiOKKJlFPICfc^Tfc, p£«f 
5«<iBj*3nfca5»OpSGaNl4A©fita*x fM 

BiplWtS5i:n3!WI6i:fcffl«1-Sfc, InGa 30 
NS9tf58JfeU pSWSHSiSeoi nGaNB9© 

©fgft3St?£S£)B^f*-FtLftfcC3, fWfaHE 
2 0mAt43^Ts HWTlWIE 5 VT* 4 2 0 n m©8Jt 

%^tU*tt3 0 0/iWT*fe-pfco 
[00 2 2] 03fc05k:*-f5gftjSt?(3;, pUG a N 
l4A©±fc, 06lCi^fc?fcXF^7 , :K©pI!fi 
S5«S»tT^«. pS«S5ttH7ft^LH9lc^r 
<t-9t}gfiSc-r^CttT't^o 07fc^-fpgM§5(i 
SfflS?ttfc, H8fcSfrpS«ffi5ttja«t, B9tc 40 
j^pfMS5ttH&n©»KfcJ&«Sft-U>S. o$ 
0, p£«®5©m*fi ! l#fc&B i t>©T*fi£<, ?©S 
•©SStffittntf gi^H if> £ftffi«tf * t < ft 5 » 

[00 2 3] 
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«: p®n®<omm%, mom* o t,«^m*n?58 

4 V, ffififaWM2 OmAtft'T, »Jtffl*tt 1 0 m 

H*fttfeif»T»jttHi**«3 o o ii vttmmtb\cft 

±Lft„ ftfe, 0 1 lc*<T{£*©M I SUBSOSJISI? 

\*1tWt¥<(*- FttJR&ffltE 15 V. MffiltD 
«fitl OmAlCfc^T, ^ffi^til nWT*Lfr&<, 
^ fcWHT? ipjmM^r 2 OmAiftf fcSftB0iLT»JfcLft< 
&oft„ Cftti, i SG a NBOfi^A^ 1 0 6 Q • cm 

So 

[0 0 2 4] tt±3JW Lft <fc 3 1, *58HH©£}fc3fcP 
14, pS!*S©H»9*a<B)fc2-tf:S©-e, 0Hi{f 4 
»i/1ftK©pl!«ffi%fi<R*J5j:f:t«t?), 363^ 
J4, ^©pS«a^<^ttSttc«fcoT, P £l© 

5o $ft, pfWffi©JS«a«-e58it* 
©pllffiiLT^SgCfc^fp-rSiltA^t, s 
ft, ««©P§B«ffii:-rsci:tJ:oT»Klca)taiJ» 

[Baffi©IK*ftlWfl] 

[0 1 ] 8£*©aJt*F©-«%^r(lrBiH. 

[B2] 01 ic^t^m^mmm. 

[S3] *«w©-na[0i*^"rs)t*?©Biffiia. 

[04] 0 3 fcgVr p S!*S^±k:««£tffi* *- 

[05] *^W©ffi©HfiiE^fc^-5^^lg?©Sfffi 
0, 

[06] pi»tt©»«©flfi©*ft0!|*^'r¥ffiH. 

[07] p SWff©fgtt©ifi©Hfl:«!l*^f¥ffiia. 

[08] pmnm<D&#<Dmmmm¥Mmo 

[09] p£tt&©7£«©fi&©Sft#J£*T¥B0o 
HW©tt»] 
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